The mean body weight of White Leghorn roosters was approximately 100 g. less than that of uninfested roosters 4 weeks after they were infested with the northern fowl mite, Ornithonyssus sylviarum (Canestrini and Fanzago). Both groups increased in weight throughout the 20 weeks of the test, but the differences in weight remained.
Poultry Science 56: [1585] [1586] [1587] [1588] [1589] [1590] 1977 The northern fowl mite, Ornithonyssus sylviarum (Canestrini and Fanzago), is a hematophagous mite found on the chicken, Gallus domesticus, and on other avian species. This mite was first discovered in 1917 at Beltsville, MD, and then in Raymond, IL, in 1919 (Wood, 1920 . Since that time, it has spread throughout the United States. Because of the bloodfeeding habit and the rapid buildup of large populations in a short time, the mite has been considered the cause of rapid loss of condition, decreased egg production, and even death of poultry (Wood, 1920; Knapp and Krause, 1960) . Payne (1930) also noted that the northern fowl mite caused scabs to form on the skin 'Acarina: Dermanyssidae. 2 Part of a dissertation submitted by the senior author to the Graduate College of Texas A&M University in partial fulfillment of the requirements for the Ph.D. degree in Entomology.
3 Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the U.S.D.A. nor does it imply approval to the exclusion of other products that may be suitable.
of chickens, thus marring the appearance of the dressed poultry.
This mite normally spends its entire life cycle on the host (Furman and Stratton, 1964) . Initially, it usually infests the contour features around the vent area. Then when the vent area becomes heavily contaminated with mite eggs and excreta, it moves to similar feathers of the neck (Kirkwood, 1968) . Northern fowl mites occur more frequently and in larger numbers on roosters than on hens (Maw et al, 1935; Kirkwood, 1968) .
No accurate estimates of loss due to this mite are available. However, it is a frequent external parasite of both chickens and turkeys in the United States. The literature is conflicting in regard to the effects of this mite on laying hens, but only one study (Matthyse et al., 1974) has so far been conducted that shows it has some effects on roosters.
A study was therefore made to determine the effects of the northern fowl mite on roosters by comparing infested and uninfested roosters for: (1) body weight, (2) average quantity of seminal fluid produced, (3) concen-tration of sperm, (4) percentage motile sperm, (5) percentage live sperm, (6) serum testosterone levels, (7) total red blood cell counts (RBC), (8) packed cell volume (PCV), (9) hemoglobin, and (10) mean cell volume (MCV).
MATERIALS AND METHODS
Two separate rooms (2.93 X 3.66 m.) within a Butler-type building were each equipped with 24 single deck cages, 41 X 25 X 46 cm. Each room was equipped with a 250-c.f.m. centrally located, turbine roof-mounted exhaust fan and a 9500 B.T.U. window air conditioner that were used to regulate temperature in the rooms. Relative humidity was not controlled, but both temperature and R.H. were measured continuously with a hygrothermograph so we could determine later if either influenced hematology or reproductive parameters. Time clocks were used to maintain a 15-16 hr. photophase. Feed (16% Purine Layena Crumbles®) and water were supplied ad libitum throughout the study. Manure was collected on plastic sheets and removed weekly to prevent fly development and odor.
March 26, 1975, thirty 22-week-old White Leghorn roosters were obtained from Ideal Poultry Co., Cameron, TX. They had been vaccinated against Marek's disease when they were 1 day old; against Newcastle-bronchitis when they were 10 days old, and also at 4 and 16 weeks; and against fowl pox at 16 weeks. No further medication was administered. When the chicks were 1 day old, they had been debeaked and their combs had been dubbed; they were debeaked again at 16 weeks. As soon as the roosters were received at the laboratory, they were paired by weight, and 15 were randomly placed in each of the two rooms. Before the test, all roosters were checked to determine whether they would produce seminal fluid following hand massage, and those that did not produce seminal fluid were eliminated from the test. The control data were therefore based on data for 12 roosters, and the test data on data for 14 roosters.
The test roosters were infested July 10, 1975, by mechanically aspirating 200-500 mites from a heavily mite-infested carrier hen and placing them immediately on the feathers in the vent area and on the back of each of the 14 birds. During the next 5 weeks, any rooster with less than a moderate population of mites was reinfested in the same way.
Each rooster was removed from its cage Monday through Friday of each week during the 18 weeks of the study for collection of semen. Also, on Thursdays after the collection, each rooster was wing-tied, placed on its side on an automatic direct-reading platform balance, and weighed to the nearest gram. In addition, a visual estimate of the mite population was made by parting the feathers, carefully looking for mites in the vent area, on both legs, and on the breast and the ventral aspect of the neck, and then rating the infestation. The following index was used: 0-no mites; 1-very light (1 to 10 mites/bird), 2-light (11-100 mites/bird), 3-moderate (101-1000 mites/bird), 4-heavy (1001 to 10,000 mites/bird), and 5-extra heavy (>10,000 mites/bird). The ratings of no mites, very light or light populations were based on actual counts, but infestations rated moderate, heavy or extra heavy were estimated visually by the same observer throughout the study.
Semen was collected into a 10-ml. beaker by using a massaging technique developed by Burrows and Quinn (1939) . It was then measured in a 1-ml. disposable plastic syringe to the nearest 1/100 of a ml. An 18-gauge needle with .the distal end cut to a flat surface was attached to the syringe to aid in drawing the seminal fluid into the syringe for measuring.
Sperm concentration, percentage live sperm, and percentage motile sperm were evaluated each Thursday for the first 10 weeks and on alternate Thursdays thereafter. Both the tests of sperm motility and of live sperm were completed within an average 3 min. post-ejaculation.
Sperm motility was evaluated by using a photographic dark-field microscopic technique originally developed by Elliott et al. (1973) that was modified for use with rooster semen (DeVaney, 1976 ). An eosinophilic differential live/dead stain (Dott and Foster, 1972) was used to determine the percentage live sperm. Sperm cells were electronically counted from each semen sample with a Coulter Counter Model B (Gordon et al, 1965 (Gordon et al, , 1967 .
The effects of the northern fowl mite on the total viable sperm count were determined by using the following formula on pooled data from individual roosters: (sperm concentration [10 6 /mm. 3 ]) (Motile sperm) (live sperm) (volume of seminal fluid [ml.] ) (1000).
The blood for hematology and testosterone evaluations was taken from a jugular vein of each rooster on alternate Thursdays after the semen collection, the weighing, and the determination of mite populations. The electronic techniques for analyzing RBC, PCV, hemoglobin, and MCV used in the study were developed by Steel et al. (1976) od (1974) .
Data for all test parameters were collected from the roosters from July 10 through December 12, 1975 . All data were analyzed by using an analysis of variance for unequal subclasses (Statistical Analysis System, TAMU Computer Center, College Station, TX).
RESULTS
The average temperature and R.H. (determined for 2-week periods) varied between 21.9 and 24°C. and 46-66%, respectively, in both the control and test rooms. Since the thermoneutral range for the chicken is 18-24 C, any changes observed in hematology and reproductive potential in the roosters probably could not be attributed to environmental conditions. It is possible, however, that this temperature prevented mite populations from reaching higher levels.
Mite Infestation. During the first 6 weeks of the test, mites were found primarily on the neck feathers in the area of the crop and on feathers of the legs just above the shanks. This latter site is unusual for these mites. It probably reflected the presence of insecticide residue on the tail feathers from an earlier "tail dipping". It was not until the 8th week of the test that there was evidence of a mite population building up in the vent area. It was also during this week that the first extra heavy populations were observed on four roosters. Thereafter mite populations increased steadily, and the average for the 14 roosters was heavy during the 12th week. During the last 6 weeks of the test, nine of the 14 birds had an extra heavy mite population, but at no time did all 14 birds have an extra heavy population. Two weeks before the test ended, a very light population of mites was found on half the control birds.
Body Weight. Mean body weights of the two groups of roosters before the mite infestation were essentially the same since they had been paired by weight (Fig. 1) . Four weeks after the .
•S-. test group was infested, the average weight of the control birds was about 100 g. more per bird than the average weight of the infested birds, and this difference prevailed throughout the study.
Hematology Evaluations. Analysis of the data ( Fig. 2A) showed that the infested birds had significantly lower RBC values than the controls except at the 12th and 18th week; mean counts ranged from 2.98 to 3.43 X 10 6 /mm. 3 for the infested roosters and from 3.23 to 3.55 X 10 6 /mm. 3 for the controls. PCV data (Fig. 2B) for both groups were closely correlated with the RBC counts; mean values ranged from 40.6 to 49.1% for the infested birds and from 45.1 to 49.7 for the control roosters. Hemoglobin values (Fig. 2C) for the infested birds were consistently lower than the values for the controls from the 4th through the 20th week, but the average cell size (Fig. 2D) ranged from 135 to 145 /U. 3 for both groups. As the mite infestation increased to a moderate level, RBC and PCV values decreased significantly compared with those of control roosters. However, there were no significant differences in hemoglobin or MCV between the groups.
Fluctuations in hematology parameters in these tests may have resulted in part from the quantity of blood taken and/or the repeated bleedings of the same birds. Buckland et al. (1974) found that bleeding by repeated heart punctures caused decreased weight gain in broilers; and in this study, approximately 7 ml. of blood was removed every 2 weeks. However, no clinical differences were apparent when the mean values obtained in this study were compared with the classical standards of Lucas and Jamroz (1961) . Also, the hematology results of the present study were similar to those of Roberts and Pund (1974) in their study of the effects of biting flies on beef steers: they found that the hematocrit and hemoglobin values differed significantly between breeds and between weighing periods during the pasture phase of their study but not between the treated and untreated groups.
Evaluation of Reproductive Potential. Four weeks after infestation, the amount of seminal fluid produced by the infested birds began to decline (Fig. 3A) . Generally, this decline in individual roosters was greater when mite populations increased and the skin around the vent area became dry, cracked easily, and had a tendency to bleed during handling. Only one rooster continued to produce an average amount of seminal fluid after he acquired an extra heavy population of mites and lesions were present in the vent area. In the last 4 weeks of the test, the volume of seminal fluid became more erratic as mite populations increased, and 4 to 8 of the 14 infested roosters had a weekly average of less than 0.1 ml. of seminal fluid per day. Only 1 to 2 of the controls produced less than this amount.
Mean sperm concentration (Fig. 3B ) of the infested birds decreased from 4.21 to 3.9 X 10 6 /mm. between the 2nd and 4th weeks. Thereafter, the sperm concentration of both groups increased steadily, but the infested group continued to have a lower concentration than the control. Also, sperm concentration increased for both groups as the volume of seminal fluid decreased.
The percentage live sperm was the least variable parameter measured, and at no time was the average ever less than 96.3 for either group. The mean range of motile sperm was 90.9-98.7% for the infested roosters and 91.0-98.0% for the control roosters. In both groups, this percent declined slightly toward the end of the test. No differences could be detected between the percentage live or percentage motile sperm between the test and control groups.
Serum testosterone levels (Fig. 3C) , as detected by radioimmunoassay, showed significant differences between treatments. The drop in level in the mite-infested birds from the 4th to the 10th week may have produced the lower numbers of total viable sperm from the 10th to the 14th week (Fig. 3D) 
DISCUSSION
In current commercial artificial insemination programs with poultry, given volumes or dilutions of seminal fluid are normally used to inseminate hens. The total viable sperm used per insemination is not considered. Age, nutrition, health, season of the year, and lighting regimen are known to influence semen quality in roosters (Sturkie, 1965) . In this study, total number of viable sperm decreased significantly 4 weeks after roosters were infested with the northern fowl mites and remained lower than the controls for the duration of the study.
The slight decreases in RBC and PCV from the 4th to the 8th week and in the serum testosterone levels between the 4th and 10th week were probably an initial response of the roosters to the increasing mite populations. Then the roosters were able to compensate and recovered to some degree, but not to the levels of the control roosters. Mite populations in this study were less than those reported by Loomis et al. (1970) and Matthysse et al. (1974) .
Perhaps if the mite population had concentrated initially in the vent area and had increased more rapidly, effects on hematology, and certainly on the reproductive parameters measured, would have occurred sooner and would have been greater.
Studies should be conducted to determine the effects of the northern fowl mite, if any, on natural matings (used by most commercial chicken breeders) and on the subsequent fertility and hatchability of eggs from infested roosters and/or hens. However, the decrease in volume of seminal fluid as mite populations increased is enough to warrant control of the northern fowl mite in males used in an artificial insemination program.
